PIONEER 10 & 11
PLASHMA ANALYZER DATA

72~012A-00F,l3€,13D,13E
73-019A—00E,133,13C,13D

PIOWEER 19
TRAJECTORY EPIEMERLS
72-0124~000

PIONEER 11
TRAJECTCRY LPHEMERILS
73-012A-00G




PIONEER 10
TRAJECTORY EPHEMERIS
72-012A-00H

THIS DATA SET CONSISTS OF ONE MAGNETIC TAPE. THE TAPE IS 9-TRACK, 6250
BPI, ASCII, WITH A VAX STANDARD LABEL, AND 39 FILES OF DATA. THE TAPE
WAS CREATED ON AN IBM 360 COMPUTER. THE D AND C NUMBERS ALONG WITH THE

TIME SPAN IS AS FOLLOWS:

D# C# TIME SPANS

D#85883 C#29141 04/06/73-01/01/90

VOL LAB= TRJP1O




corrected 11/14/94

Temporary Update to the
Pioneer-10 and -11 Plasma Data Documentation

Susan Kayser

November 11, 1987

1 Introduction

The Pioneer-10 and -11 Plasma Analyzer Experiment data sets have been expanded by the inclusion
of more recent data—all the data available as of 30 June, 1987. This note updates the previous
document, The Plasma Data from the Pioneer-10 and -11 Plasma Analyzer Ezperiment, Document
ID number SAR 20/84-058-0096. In case of any questions, contact:

Dr. John F. Cooper

PR RSB AU Hughes STX Corporation

N ArdTneexRrss0achx e RIS Code 633.9

M Stopx 248K NASA/Goddard Space Flight Center
MEHEAX FEDOEAXFIXFE Greenbelt, MD 20771

XALE XSO (301)441-4188

BN 2880285 x BESR GBI RR x5 bR AAR IR

internet: jcooper@nssdca.gsfc.nasa.gov

2 The Data

The Pioneer-10 data sets now cover the interval from spacecraft launch on 24 April, 1972 through
1986, or 72109-86265. The Pioneer-11 data are from launch on 6 April, 1973 until 28 August, 1982
(the instrument was non-operational between 13 April, 1975 and 30 November, 1977), and {rom
1 January, 1984 until 9 May, 1986, or 73111-75012, 7733582240, and 84001-86129. The rest of
the 1982, 1983, and 1986 data for Pioneer-11 will be available soon.

At the large heliocentric distances to which the spacecraft have attained, the solar wind densities
are very low, and the least-squares fits for the parameters have a higher percentage of bad fits in
the recent data. The most frequent problem due to the scarcity of particles is that the instrumental
noise overwhelms the signal, leading to spurious velocities over 800 km /s, or flow angles of more
than 45° from the radial direction. Usually, more than one parameter is bad when such a spurious
£it occurs. As with the earlier data sets, bad fits are retained but flagged with a value of 100.

The accuracy of the velocities is still about 220 km/s. For Pioneer-10, the Sun has appeared
too faint to trigger the Sun Sensors since 15 November, 1983, and the spacecraft attitude is now
determined by alternative methods, leading to uncertainties of perhaps +2°. Temperatures are
good to about 15%, but have uncertainties of 4000 K below 15,000 K. Densities are reliable to
about 12%, with the uncertainty increasing to a factor of 2 below .005/cc (at which level, fits are

often not possible}.
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PIONEER 10 & 11
PLASMA ANALYZER DATA

72-012A-00F, 00G, 13C, 13D, 13E, 13I, 134J, 13K

73-01%A-00E, OOF, 13B, 13C, 13D, 13H , 13I, 13J

THESE DATA SETS HAVE BEEN RESTORED. THERE WERE ORIGINALLY FOUR
9-TRACK, 1600 BPI TAPES, WRITTEN IN BINARY. THERE ARE FOUR
RESTORED TAPES. DR005962 AND DR005964 CONTAIN FIVE FILES OF DATA

AND WERE CREATED ON AN IBM 360 COMPUTER. THE FIRST FILE IS THE

FULL SUMMARY DATA RECORD, THE SECOND AND THE THIRD FILES ARE THE

HOURLY AND DAILY AVERAGES RECORDS, THE FOURTH FILE IS THE TRAJECTOQORY
RECORD, AND THE FIFTH FILE IS THE ATTITUDE RECOCRD. THE FOLLOWING
TWO TAPES CONTAIN STANDARD LABELS, DR005963 AND DR005965. THE DATA
ON THE ORIGINAL TAPES WERE IN VAX BACKUP FORMAT. THE DR TAPES ARE
3480 CARTRIDGES AND THE DS TAPES ARE 9-TRACK, 6250 BPI. THE
ORIGINAL TAPES WERE RESTORED ON AN IBM 9021 COMPUTER. THE DR AND DS
NUMBERS ALONG WITH THE CORRESPONDING D NUMBERS AND TIME SPANS ARE AS

FOLLOWS :

PIONEER 10

72-012A-00F, 00G, 13C, 13D, 13E, 13I, 13J, 13K

DR# DS# bD# FILES TIME SPAN
DR0O05962 DS005962 D063220 1 04/18/72 12/15/86 (13C)
2 04/18/72 12/13/86 (13D)
3 04/18/72 11/04/86 (13E)
4 03/24/72 08/28/87 (00F)
5 04/15/72 01/25/85 (00F)
DR005963 DS005963 D077876 1 04/15/72 09/07/88 (131I)
2 04/18/72 07/26/88 (13J)
3 04/18/72 08/05/88 (13K)
4 03/24/72 01/13/89 (00G)
5 04/18/72 08/08/88 (0C0G)

T



73-019A-00E,

DR005%64 DS005964 D063221

DR0O05965 DS005965

PIONEER 11

00F, 13B, 13C,

DO7I8Td

13D, 13H , 13I, 13J
FILES TIME SPAN

1 04/21/73 05/08/86
2 04/21/73 05/04/86
3 04/21/73 04/17/86
4 04/11/73 - 10/22/87
5 04/14/73 09/20/81
1 04/14/73 09/28/87
2 04/21/73 o8/08/88
3 04/21/73 08/08/88
4 04/11/73 01/20/89
5 04/21/73 0s8/08/88

(13B)
{(13C)
{13D)
(0OE)
(00E)

(13H)
(131)
(13J)
(OOF)
(OOF)



REQ. AGENT RAND NO. ACQ. AGENT

GLS V0255 HKH
SAR V0380 HKH
SAR SEK

PIONEER 10 & 11
PLASMA ANALYZER DATA
72-012A~00F,00G,13C, 13D, 13E, 131, 137, 13K

73-019A-00E,00F, 13B,13C, 13D, 13H, 131, 13J

THIS DATA SET CATALOG CONSISTS OF 4 MAGNETIC TAPES. THE TAPES ARE
9-TRACK, 1600 BPI, AND BINARY. D-63220 AND D~63221 CONTAIN FIVE FILES OF DATA
AND WERE CREATFD ON AN IBM 360 COMPUTER. THE FIRST FILE IS THE FULL SUMMARY
DATA RECORD, THE SECOND AND THE THIRD FILES ARE THE HOURLY AND DAILY AVERAGES
RECORDS, THE FOURTH FILE IS THE TRAJECTORY RECORD, AND THE FIFTH FILE IS8 THE
ATTITUDE RECORD. D=-77876 AND D~77877 HAVE THREE FILES OF DATA IN VAX BACKUP
FORMAT, WHICH WHEN TAKEN QUT OF THAT FORMAT HAVE FIVE FILES OF DATA. THESE

3 B

TAPES WERE CREATED ON AVWZEE=WE@S0) COMPUTER. THE FOLLOWING LISTS THE D AND C

NUMBERS ALONG WITH THE TIME COVERAGE OF EACH DATA SET.

PIONEER 10
D¥ c# TIME COVERAGE OF EACH DATA SET

D=-63220 C-24062 FILE 1: 04/18/72 - 12/15/86 (13C)
FILE 2: 04/18/72 - 12/13/86 (13D)
FILE 3: 04/18/72 - 11/04/86 (13E)
FILE 4: 03/24/72 - 08/28/87 {00F)
FILE 5: 04/15/72 - 01/25/85 {(00F)

D-77876 FILE 1: 04/18/72 - 12/15/86 (131)

FILE 2: 04/18/72 - 12/13/86 (13J)
FILE 3: 04/18/72 - 11/04/86 (13K)
FILE 4: 03/24/72 - 08/28/87 (00G)
FILE 5: 04/15/72 - 01/25/85 (00G)




PIONEER 11
D#

D-63221

D-77877

C-24063

TIME COVERAGE OF EACH DATA SET

FILE 1: 04/21/73 - 05/08/86 (13B)
FILE 2: 04/21/73 - 05/04/86 {13C)
FILE 3: 04/21/73 - 04/17/86 {13D)
FILE 4: 04/11/73 - 10/22/87 (00E)
FILE 5: 04/14/73 - 09/21/81 (00E)
FILE 1: 04/21/73 - 05/08/86 (13H)
FILE 2: 04/21/73 = 05/04/86 (13I)
FILE 3: 04/21/73 - 04/17/86 (133)
FILE 4: 04/11/73 « 10/22/87 (00F)
FILE 5: 04/14/73 ~ 09/21/81 (00F)



Temporary Update to the
Pioneer-10 and -11 Plasma Data Documentation

Susan Kayser

November 11, 1987

1 Introduction

The Pioneer-10 and -11 Plasma Analyzer Experiment data sets have been expanded by the inclusion
of more recent data—all the data available as of 30 June, 1987. This note updates the previous
document, The Plasma Data from the Pioneer-10 and -11 Plasma Analyzer Eszperiment, Document
ID number SAR 20/84-058-0096. In case of any questions, contact:

Dr. Susan Kayser
NASA/Ames Research Center
Mail Stop 245-3

Moffett Field, CA 94035
(415) 694-6001

SPAN Address: NSSDCA:KAYSER or HAL:KAYSER

2 The Data

The Pioneer-10 data sets now cover the interval from spacecraft Jaunch on 24 April, 1972 through
1986, or 72109-86265. The Pioneer-11 data are from launch on 6 April, 1973 until 28 August, 1982
(the instrument was non-operational between 13 April, 1975 and 30 November, 1977), and from
1 January, 1984 until 9 May, 1986, or 7311175012, 77335-82240, and 84001-86129. The rest of
the 1982, 1983, and 1986 data for Pioneer-11 will be available soon.

At the large heliocentric distances to which the spacecraft have attained, the solar wind densities
are very low, and the least-squares fits for the parameters have a higher percentage of bad fits in
the recent data. The most frequent problem due to the scarcity of particles is that the instrumental
noise overwhelms the signal, leading to spurious velocities over 800 km/s, or flow angles of more
than 45° from the radial direction. Usually, more than one parameter is bad when such a spurious
fit occurs. As with the earlier data sets, bad fits are retained but flagged with a value of 100.

The accuracy of the velocities is still about +20 km/s. For Pioneer-10, the Sun has appeared
too faint to trigger the Sun Sensors since 15 November, 1983, and the spacecraft attitude is now
determined by alternative methods, leading to uncertainties of perhaps +2°. Temperatures are
good to about 15%, but have uncertainties of +4000 K below 15,000 K. Densities are reliable to
about 12%, with the uncertainty increasing to a factor of 2 below .005/cc (at which Jevel, fits are

often not possible).



3 The Tapes

Thm tapes have the same format as described previously, except that they are now at a density
of pi. '

Copies of the tapes suitable for use on a VAX have been created with the VAX BACKUP
command on 6250 bpi tapes pamed PION10 and PION11. To unload the files, use the command:

¢ BACKUP MFAOQ:PION10 *

The five files are named P10DATA, P10HOUR, P10DAY, P100RB, and P10CONE, all .DAT (and
similarly for P-11), and occupy 33086 blocks for P-10 and 41188 blocks for P-11. To read the files,
include in your program the following:

OPEN(UNIT=20,FILE=’P1ODATA.DAT’,STATUS-—"’OLD’,READONLY,
FORM="UNFORMATTED’ ,RECORDTYPE=’FIXED’,RECL=35,END=:300)

P10ORB has RECL=16 and P10CONE has RECL=5.
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SECTION 1. INTRODUCTION

All the Pioneer-10 and -11 Plasma Analyzer Experiment date that were processed
as of 10 September, 1983, have been collected onto two taepes, one for each
spacecraft. This document provides the information necessary to use these
tapes. -

Section 2 describes the data, the processing they have undergone, and the
resulting expected accurscy. The coordinate systems used in these tapes sare
explained in Section 2.3.1.

Section 3 gives information about the tapes, such as record size or tape
density. A sample program to list items from the data records is included.

These tapes are availeble from the NSSDC. Microfiche plots of all parameters
versus time have also been deposited with the NSSDC.

In case of questions about the tapes or the data records, contact:

Dr. Susan Kayser

NASA/Goddard Space Flight Center
Code 690/SAR

Greenbelt, Maryland 20771

(301) 344-8385

or at

SAR
6811 Kenilworth Avenue
Riverdale, Maryland 20840



SECTION 2. THE DATA

The NASA/Ames plasma analyzers on Pioneer-10 and -11 have been described by
Wolfe, et al., J. G. R. 79, 3489, 1974 and McKibben et al., Space Sci. Inst,
3, 219, 1977. oOnly the proton component of the solar wind hes been
successfully measured beyond about 1.5 AU, B0 the electron or helium
components will not be discussed further.

2.1 The Time Intervals Covered by the Data

Because of the very large computer time devoured by the least-squares
processing program, for many years after launch, only one sample per hour
was processed. Collection time of a sample in the most common date mode
is about 5 minutes. After 1978, the date tracking raete for the spacecraft
was fairly low, so all samples obtained from 1978 on have been processed.
Some intervals of particular interest before 1978 have also been fully
processed. All dats processed by the least-squares program as of 10
September, 1983, are included in these data sets.

2.1.1 Different Formats for the Date

For convenience all dates will be represented in one of two forms. The
first is denoted by YYMMDD, & 6 digit integer of which the first two are
the year - 1900, the next two are the month number, 1-12, and the last two
are the day-of-month, 1-31. For example, 14 February, 1976 is 760214.

The second form is denoted by YYDDD and is somteimes called the "Julian
Day." The first two digits are the year - 1900; the last three are the
dey-of-year, 1-365. Thus 14 February, 1976 is 76045,

2.1.2 Pioneer-10
2 MARCH
Pioneer-10 was launched on P4=wApmid-, 1572, and encountered Jupiter in
December, 1973. The trajectory is shown in Figure 2-1. The plasma data
cover the interval from launch until 25 June, 1983 or 72109-83176. There
are occasional data gaps of a month or less.

2.1.3 Pioneer-11

Pioneer-11 was launched on 6 April, 1973, encountering Jupiter in
December, 1974 and Saturn in September, 1979. The trajectory is shown in
Figure 2-1. The instrument was non-operational between April 1975 and
December, 1977. A change in the bit rate in December, 1981 has caused
processing problems which were not resolved as of September, 1983. The
plasma data are for 21 April, 1973 - 12 April, 1975 and for 1 December
1977 - 6 December 1981, or 73111-75012 and 77335-81340. There are
occasional data gaps of a month or less.
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- 2.2 The Least-Square Processing

The raw data are fed into & computer program which fits them to a
convecting isotropic Maxwellian distribution for protons. The output from
this program are five parameters, the uncertainties sssocisted with each
parameter, and the "chi-square"™ of the fit. The five parameters are the
proton bulk speed with respect to the spacecraft, temperature, density,
and two angles oriented with respect to the spacecraft which give the
direction of the bulk flow. The significance of the uncertainties is not
entirely clear, since they are often negative. The "chi-square” ranges
from 0. to over 1000., and very small values as well as very large values
are obviously bad fits.

The algorithms in this program have been modified several times since
inception of the program, especially to improve the ability to fit at low
temperatures. No significant systematic differences were found in
comparing parameters resulting from running identical input date with
different versions of the program.

2.3 Additional Processing

The leest-square parameters were collected into a single data set, sorted
into chronological order, with duplicates removed. The bulk speed and
instrument angles were corrected for the spacecraft velocity, and
converted to the "imertial" coordinate system (SES) defined in Section
2.3.1.2, using the spacecraft attitude angles described in Section 2.3.3.
Trajectory data were added from the trajectory tapes described in Section
2.3.2, 1linearly interpolated to the pample time, Solar equatorial
coordinates were also computed, as defined in Section 2.3.1.3.

The resulting parameters were plotted against time, and obvious bad fits
were flagged as described in Section 2.4. The final data set comprises
File 1 of each data tape.

Two additional data sets for each spacecraft were generated from the full
"summary” data set, one containing hourly averages and one containing
daily averages. They are described in Section 2.5. These data sets are
contained in Files 2 and 3 of each tape.

2.3.1 Coordinate Systems
Three coordinate systems are used on the data tape. They are defined
below. .

2.3.1.1 The Heliocentric Ecliptic Coordinates (HEC)
The HEC have their origin et the Sun. The X-axis points to the Vernal
Equinox, the Z-axis to the North Ecliptic Pole, and the Y-axis forms a

right-handed system. The X-Y plane is the ecliptic. All of the
trajectory parameters are in this system.



2.3
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2.4

1.2 The Pioneer Ecliptic System (PES)

The PES is centered at the spacecraft with the Z-axis pointing to the
North Ecliptic Pole, the X-axis away from the Sun, and the Y-axis
completes a right-handed system. The X-Y plane is parallel to the
ecliptic. The bulk velocity is givem in this system, as chown in Figure
2-2. The PES involves both a translation from the HEC and a rotation
about the Z-axis.

1.3 The Solar Equatorial System (SES)

The SES system is centered on the Sun and is based on a tilt of the solar
equator from the ecliptic of 7015', The Z-axis is the solar rotation
axis. The X-axis, from which longitude is measured, is the ascending node
of the solar eguator on the ecliptic, which is taken to be 74022 4+ B4'T
from the Vernal Equinox, where T is the epoch in centuries from 1900.

.2 Trajectory Data

The trajectory data on these tspes were obtained from Trajectory Tapes
containing smoothed, predicted orbit data. These data are therefore not
identical to those obtained every 10 days or so in the process of
determining spacecraft attitude, and & systematic varistion in the bulk
flow azimuth, described below, is probably due to this discrepancy. The
Trejectory Tapes usually contain one record per day, with more frequent
records during encounters. 16 items were selected from each record to
create a trajectory date file for each spacecraft. Interpolation in this
file provided the trajectory elements in each plasma data record. The
trajectory file is supplied on each tape as File 4.

.3 Attitude Data

The spacecraft attitude, necessary to correct the instrumental bulk
velocity to en inertiel system, was obtained from printouts of cone and
clock angles supplied every 10 days or so, whenever commands to the
spacecraft resulted in a determination of position end attitude. The cone
and clock angles and the clock angle correction term relate the
spacecraft-fixed rotating coordinate system to the PES system, and are
described briefly in Section 4.4,

The table of cone and clock angles is supplied in File 5 on each tape.
Lineer interpolation in this table to the sample times provided the
attitudes for correcting the instrumental velocities.

Uncertainty of the Measurements

The expected accuracy of the measurements is derived mostly from the
internal consistency of the measurements, and partly from the formal
uncertainties produced by the least-squares program. Comparison of
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parameters derived from different versions of the least-squares program
operating on the same input dats shows agreement to better than 0.5% in
the speed, 12% in density, end 20% in temperature., Comparison of the
flight data to the fitted Maxwellian distribution shows that about 10% of
the data bese contains forced fits for distributions that are
substantially non-Maxwellian, anisotropic, or contain a strong He++
component. Extremely large formal errors wusually correspond ' to
questionable fits.

The absolute accuracy of the fitted parameters is difficult to obtain, but
comparisons of Pioneer plasma deta with data from IMP 6, 7, and 8 have not
found significant systematic differences.

2.4.1 Bulk Speed

The bulk flow speed is the most accurately determined of the parameters,
with respect to the spacecraft. Uncertainty in the attitude, however,
leads to additionsl uncertainty in the bulk speed efter subtraction of the
spacecraft velocity. The final uncerteinty is about + 20 km/sec.

For some samples of low density, the least-squares program gets trapped in
& set of parameters with velocities above 930 km/s. These are very easy
to recognize in the plots, and are flagged with a value of 100 (see
Section 2.4.6).

2.4.2 Density

The density is estimated to be relatively accurate to 12%, from internal
consistency. For extremely low densities, such as have been encountered
since 1982, the number of particles collected in & sample may be so low
that no fit is possible. This lower cutoff is about 0.005/cc.

2.4,3 Temperature

This parameter is the one most sensitive to the fitting algorithms. The
internal consistency is about + 40000K for temperatures below 15,000 K,
about 15% for temperatures between 25,000 K and 100,000 K, and increases
to an uncertainty of 50% or more for values over 106 K.

2.4.4 Angle of Flow

The angles of flow depend critically on the spacecraft attitude. Most of
the time, this is quite well determined, to 0.39 or so. About 10% of
the time, however, especially when the spacecraft is being precessed, the
attitude may be uncertain by 30° or more. On the average, angles should
be good to + 0.70, after the correction noted below.

-7-



A systematic error in the aximuthal angle has been found, with a period of
one year and an amplitude very approximately equal to 1 AU subtended at
the spacecraft. This may be due to inconsistencies between the actusl
spacecraft positions used in aettitude determination, and the smoothed
trajectories used to subtract the spacecraft velocity. A rough correction
is to subtract

0°.3 + [29.537 - 0°.129 (y - 1972.0)] * cos (27 * -
365 {Pioneer-10)

from the azimuthal angle in the data record. Here y is the date, as year
plus decimasl fraction of a year, and d is the day of year.

2.4.5 Formal Uncertainties

The formal uncertainties of the least-squares program do not correspond
very well to the true goodness of fit, as judged by a visual comparison of
the flight data with the derived Maxwellian. Occagionally, the
uncertainties are even negative. Consequently, only fits with extremely
large (or negative) uncertainties are flagged as guestionable.

The same is true of the "chi;square" of the fit, Fits with velues over
1000 are flagged as bad, and flaegged as questionable for chi-square
between 200-1000.

2.4,6 Quality Flags

Each fit has been assigned e quality. A quality of 0 is a good fit, a
quality of 10 or 20 is & questionable fit, and a quality of 100 is & bad
fit,

A value of 100 is assigned if the velocity is greater than 1000 km/s, if
the temperature is greater than 2 x 106 K, or if the density is greater
than 100/cc at 1 AU (decreasing to 5/cc at 10 AU, etc.). A chi-square
value over 1000. is considered & bad fit. Finally, on visvally scanning
the data plotted against time, individual fits may be considered spurious
end assigned a quality of 100 by hand-editing.

From the visual scans, individual fits are also marked as of questionable
quality and agsigned a velue of 10 or 20 (worse) by hand editing.

This quality velue is stored in the data record and can be used as a flag
to omit records when using the data set,



2.5 Averaged Data Sets

Iwo data sets have been generated from the full "summery" data set for
each spacecraft, with bad records omitted, and questionable records given
half weight. The first of these contains hourly averages, and the second
contains daily averages. These averaged data sets have a format similar
to that of the full set. The differences are described below. '

.

The time of each record in seconds—of-day is replaced by hour (0 to
23) for the hourly averages, and by O for the daily averages.

The five formal parameter uncertainties are replaced by the
root-mean-square dispersion of the parameter values. Chi-square is
replaced by the number of records in the average.

Four quantities ere calculated and averaged: the proton flux NV,
thermal pressure NkT, convective pressure vZ and kinetic
energy flux, 1/2 Nmpv3. They fill the three blank items and the
quality value in the full set.

The processing date in the averages is that when the average was
generated, compared to the least-squares processing date in the full
set.



SECTION 3. THE TAPES

The following section deseribes the tapes end the Job Control Language
necessary to read them.

3.1

3.2

The Contents of Eech Tape

There is one tape for Pioneer-10 and one for Pioneer-11 . Each tape
contains 5 files and was written in binary on an IBM 360 in 32-bit words.
The files contain

1}  the full summary "“data set”,
2}  the hourly averages,
3) the deily averages,

4) the trajectory data, and
5) the sttitude data.

Job Control Language (JCL)

The actusl JCL used will depend on the particular installation
conventions, but the following parameters will probably appear.

[ The tapes are no-label: LABEL=( ,NL)
® The tape density is 1600 bpi: DEN=3

[ The record format is variable block, spanned; this is the preferred
format for a unformatted FORTRAN READ: RECFH=3:§

() The logical record size and block size depend on the type of data,
and are given below as LRECL and BLKSIZE:

For files 1-3, LRECL=144 ,BLKS1ZE=14404

For file 4, LRECL=68 yBLKSIZE=13604

For file 5, LRECL=24,BLKSIZE=12004
As an example, the data definition statement suitable for reading the full
date set on an IBM 360 might be;
//FT10F001 DD UNIT=1600,DISP:SHR.LABEL:(I,NL),VOL=SER=123656.

// DCB=(DEN=3, RECFH? ,LRECL=144 ,BLKSIZE=14404)
S

-10-



3.3 Sample Program

A PORTRAN program follows that will read the hourly everages date set and
write out some parameters within & desired time interval.

DIMENSION REC(33)
COMMON /CREC/ JYDD, JYMD, JHR, TEMP, VEL, AZ, EL, DEN, RMS(6), ORBIT(16),
+ FLUX, PRES, PCONV, ENERGY, KPROC
EQUIVALENCE (REC(1), JYDD)
DATA IU/6/, AU/1.497E8/
Cc
C..READ IN DESIRED START, STOP DATES AS YYMMDD.
READ (5,1001) ISTART, ISTOP
1001 FORMAT (I6, I7)
WRITE (IU, 1003)
C
C..READ DATA RECORDS FROM FT10F001. TEST FOR DESIRED INTERVAL
- 20 READ (10, END=100) REC
IF (JYMD. LT. ISTART) GO TO 20
IF (JYMD. GT. ISTOP) GO TO 100
C..RECORD IS IN DESIRED INTERVAL
R = ORBIT{l) / AU
WRITE (IU, 1004) JYMD, JHR, VEL, DEN, TEMF, R
1003 FORMAT ('l YYMMDD HR VEL DEN TEMP R(AU)'//)
1004 FORMAT (I8, 14, F8.1, F8.3, F9.0, F7.2)
GO TO 20
C
C..END OF LISTING
100 sTOP
END
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SECTION 4. RECORD CONTENTS

The contents of each of the five files is described below. Each item is a
32-bit word, with standard nomenclature to indicate fixed or floating point.
Coordinate systems are described ir Section 2.3.1.

4.1 The Full "Summary” Data Record (File 1)

12

13
14
15-30

15
16
17
18--20
21-23
24
25
26
27
28
29

VARIABRLE

JYDD
JYMD
NSEC

TEMP
VEL
AZIM

ELEV

DEN
DT
DV
DANG1

DANG2
DN

CHISQ
ORBIT(16

)

(L)
(2)
(3)
(4-6)
(7-9)
(10)
(11)
(12)
(13)
(14)
(15)

DESCRIPTION

Julian date of record, YYDDD

Date of record in form YYMMDD

Time of record in seconds of day, at spacecraft
at start of data

Proton bulk temperature (K)

Average bulk flow speed (km/s)

Azimuthal angle of flow, ¢, in PES system
(degrees)

Elevation angle of flow, H#, in PES system
(degrees)

Proton density (#/cc)

Uncertainty in temperature

Uncertainty in velocity

Uncertainty in azimuth, in rotating instrument
coordinates

Undertainty in elevation, in rotating instrument
coordinates

Uncertainty in density

Chi-square of fit

14 trajectory parameters and 2 SES coords. All
angles are in degrees, distances are in km, and
velocities are km/s. Coordinate system is HEC
except as indicated.

Distance of spacecraft from Sun

Longitude of spacecraft

Latitude of spacecraft

X,Y,2 coordinetes of spacecraft

X,Y,Z components of spacecraft velocity

Speed of spacecraft

Distance of Earth from Sun

Latitude of Earth

Longitude of Earth

Distance between spacecraft and Earth

Solar equatorial latitude of spacecraft in SES
system '

-12-



4.2

30 (16)

31-33  SPARE(3)
34 BADREC

35 JPROC

Solar equatorial longitude of spacecraft in SES
system

Three blank words

Record quality. 0. is good, 10.-20. is doubtful,
100, is bed fit

Julian dete of the least-square processing

The Hourly and Daily Averages Records (Files 2, 3)

WORD VARIABLE

1 JYDD

2 JYMD

3 NHR

4 TEMP

> VEL

6 AZIM

7 ELEV

8 DEN

9-13 RMS(S)

14 AREC

15-30 ORBIT(16)

15 (1)
16-17 {2-3)
18-20 (4-6)
21-23 (7-9)
24 (10)
25-217 (11-13)
28 (14)
29-30 (15-16)
3l FLUX

32 PRES

33 PCONV

34 ERG

35  KPROC

DESCRIPTION

Julian date of record, YYDDD

Date of record in form YYMMDD

Hour of record, 0-23. (0 for daily averages)
Average proton tempersture (K)

Average bulk flow speed (km/s)

Average azimuthal angle of flow (degrees, PES
system)

Average elevation angle of flow (degrees, PES
system)

Average density (#/cc)

Root-mean-square dispersion of preceding 5
parameters

Number of records 1in average (questionable
records counted as 1/2)

Average trajectory parameters

Distance of spacecraft from Sun (km)

Longitude and 1latitude of spacecraft in HEC
system (degrees)

X, Y, Z coordinates of spacecraft in HEC system
(km)

X, Y, Z components of spacecraft velocity (km/s)
Speed of spacecraft (km/s)

Distance, latitude, longitude of Earth

Distance of spacecraft from Earth (km)

Soler equatorial latitude and longitude of
spacecraft in SES (degrees)

Average proton flux, <NV>, (#/em2-g)

Average thermal pressure, <NkT> , (dynes/cm?)
Averege convective  pressure, <1NmpV2>' '
(dynes/cm2)

Average kinetic energy flux, <1/2Hmpv3> ,
(ergs/cm2-g)

Julian date on which deta set was produced.
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4‘3

4.4

The Trajectory Record (Pile &)

All coordinates are in the HEC system, expressed in km, or degrees

WORD VARIABLE DESCRIFTION

1 JYMD Date of record as YYMMDD.

2 MSEC Time of record in msec at spacecraft
3-5  xYz(3) X, ¥, Z coordinates of spacecraft
6-8  XYZDOT(3) X, Y, Z components of spacecraft velocity (km/s)
9 B Distance of spacecraft from Sun

10 v Speed of spacecraft (km/sg)

11 RE Distaence of Earth from Sun

12-13 ANGL(2) Latitude and longitude of spacecraft
14-15 EANGL(2) Latitude snd longitude of Earth

16 REP Distance of spacecraft from Earth

The Attitude Record (File 5)

The cone and clock angle coordinate system haes its Z-axis alomg the
spacecraft spin axis, which points roughly toward Earth, the X-axis is
the projection in the spin plene of the South Ecliptic pole and Y forms
@ right-handed system. The cone angle is the polar angle of the Sun
measured from the Z-axis. The clock angle is the meridian roll angle of
the Sun, measured counterclockwise from the Y-axis.

WORD VARIABLE DESCRIPTION

1 JYDD Julian date of record, YYDDD

2 NSEC The GMT time of record, in seconds of day
3 CONE Cone angle of Sun

4 cLOCK Clock angle of Sun

5 CLOCKC Roll angle at Sun pulse

~14-



APPENDIX

A set of five tapes containing these data sets is available at NASA/Ames,
through the Plasma Experiment personnel. These tapes dilfer from the NSSDC
format. Each Ames tape contains one of the five data sets, with Pioneer-11
data stacked after Pioneer-10 data, in the same file. Furthermore, =&all
variables in all data sets are expressed in floating point (REAL*S).

The data is blocked on these tapes, with blocksizes as given below. All the
Pioneer-10 date is written first, with the last Pioneer-10 block zero-filled.
The Pioreer-11 data begins in the next block, and again the last block is
zero-filled. (The choice of blocksize for the orbit and attitude tapes was 8
bytes too small, so that on these tapes each full block is followed by a block
containing the last two data words). A FORTRAN 77 program is attached which
reads Lhese tapes and rewrites them in the NSSDC format.

All the tapes are no-label with 32-bit words. The density is 1600 bpi, and
the record format is VBS. There is one file on & tape. Logical record length
= blocksize -~ 4.

Tape 90645D contains the attitude data. Blocksize = 9000 bytes.
Tape 90646B contains Lhe Lrajectory data. Blocksize = 9600 bytes.
Tape 90647D contains the full data set. Blocksize = 14010 bytes.
Tape 90648D contains hourly averages. Blocksize = 14010 bytes.
Tape 90649D contains daily averages. Blocksize = 14010 bytes.
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¥x# TS0 FOREGROUND HARDCUPY ##%#%
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(DAY JCL 7]

~ALIREEKPRD. OB {SBI01+BF2405) +P IONEE Re TAPE READ oT IME=(01400)+CLASE=A . 000000i0

FZXCOPY AMES PIONEER DATA TAPE TO LOCAL TAPES 90000020
'1tpRGGRAM IS WRITTEN IN IBM \SFORTRAN (FCRTRAN 77) 00000030
—EXEC —FORTRANY —— - - © e —— - 0000040
f/rDRT.SYSIN DD = 00000050
. PROGRAM PIONRD 0000006¢C
CoeREADS AMES CDC~IBM PIONEER DATA TAPE AND REWRITES IT FOR GSFCe =~ 00000070
C e« P IONEER-10 DATA IS DUTPUT ON UNITY 10s FICNEER-11 DATA ON UNIT 1l. 00000080
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PARAMETER (NR=35. NB=100) 000001190

D IMENSION REC(3S)NREC({ 10:11)+BLOCK{NR,NB) ---00000 120
CQUIVALENCE (REC(1)-IYDD).(REC(2).IYMD).(R-C(B).NS&C}- 00000130

« (REC{35).KPROC) Q0000 k40

OATA " NRECWNERR/3%0/, TU/10/ T T 00000 150

¢ 00000 16U
v e G READ( 15 END=L 0D LERR=%0) BLOCK e LHL0001L70
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IF(BLOCK(1+s1I) Nt 0.) THEN 00000190

- : D03 -40 J-=-148R — = 00000200
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NRECIIU) = NREC(IU) + 1 00000220

= " -1YDD = REC(1} T ooo00230
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NSEC = REC(3) 00000260

KPROC = RECI35) 20000270
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ELSE 00000290

I = 11 00000300

- GO TO 20 ~ T T 7 RpO0Q00310
END IF 0QGo00320

. 0 _CONTINUE o - D0JC0 330
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< Q0V0L 350
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S/FTAISF001 DD UNIT=6250 »D Sv=P 1 0DATA LABEL=(1 +NL} o VOL=SER=SEKQ03, 00300540
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PIONEER 11
TRAJECTORY EPHEMERIS
73-018A-00G

THIS DATA SET CONSISTS OF ONE MAGNETIC TAPE. THE TAPE IS 9-TRACK,

6250 BPI, ASCII, WITH A VAX STANDARD LABEL, AND 37 FILES OF DATA.

THE TAPE WAS CREATED ON AN IBM 360 COMPUTER. THE D AND C NUMBER

ALONG WITH ITS TIME SPAN IS AS FOLLOWS:

D# C# TIME SPAN

- - - - P L L Y

D-85884 C-29142 04/06/73-01/01/90

VOL LABEL=TRJPl1l

[T



Crlriede JrUIH LI Yrrrdinny rrFry by Lelebeoiy belbles Ll gy PRSC PER ST 52 el HZHy €3k (v vt )
BETEVEBE TL5ECE8E CLVDESEBE LEBLLE3Z DCOZD2I2 2¢0£d264 GCICBEEE GCSEOCTE PREGETICHE  TOWEHEES (004 ) '
e L T E e T - LTk VT B YIS PINE-YEY YT VY C I ets M -y P oy ot y 2
@ GEHLTLIE TCEIZELE  TE9EHT9E  ZRAZ0LCET  $222TE-2  G24468HE 5 368L4CGe  LIHCTE0C HIgCRges +Ho9¢loaz (czs ) 8
9 e e L o T2 ¥ SI-TS FITL SR F-FA-T 1Y - S E-T TSR S TS TV -C N IO RS VS D - S-Sy e 6 !
o SEBEBELY LELEGELS 6TBEBE3Z  $90262I2  TC0§H24d  [SLSGi2f GCZCLE8E  bHiacuied SclCd9¢ecy  Sc32renz (iyz ) s
& e e e e T S BT e e o o R L TR WP T LU PR T T T VY-V WADD P e S i P s tFER y o
8 SCBCLESE BE525C8€ €932620E  220ZLEGE  BCHHPEbE  Li3RIDGL LRLETSLD  L40€.00F utogme3z  LeRarzz (2971 ) A
£ 2CLEe3ee JCLTREAL —LoOCEE R PERPOPEr —COBOT o e SonPacna  LaS@cone  Aae.Coge  seGecere goooroce t+EF y o
% 6C€UCPETE BEIECEIZ  NECNITNBIZT  650£92THy  TESETCTE CCBS6C8E  £C454CT1C  4€zivcae Ggizdsge rzizlene (r 8 ) W
& s S e e B T 1 NI TX M -0 Y. C DO PSS ST P RO EP ey y o {
v BELEHELE 2C32GENZ  420Z0ELE  H26WSCLE 3C5T1i0f TEHSSE0f byl $552: S5 coar832 Lo ziziz zuz.z ¢ . ) o
& S Sr B H SN —F G-I E St w
] ,
i 5 3 s g . 4 2ie 2 e 2 o
o #IYL0L  *S33u#  *53CNN LY¥IHS £ 0d3Z wWHid 3718 1NdNT *533% o
& S thi-Se—d AN KUV ARSI — e L)yt SEH-O 3T H—y-y-a FAENE F45-= o
8
a4
’ S e = = T e LT TR TAEVAE - U - VS VT PR S8 D Ve PP e i y o
s 35333536 35353838 35363836 35363535 3IGICISIE  3S3ICIGIS  3IGIGIGIC  ICICICLI 39596419 2L49G9HZ 0oy b o ¢
s 396S0gel 39320/43 454600 oo OLz GOl Ozy : b i 2 G A COh 4 TIEOILE G A ANLILEE ety > o
" YSHSHYYLZ  2T020Z6E LINZGSZ0Z  DZIZOZHS 2232H2LE JZVTAZTHE BIICLEHE FTICIEEZ  LZI432032 (3¢ ) o
e SEEBIBOH  ZUCIGILI 2w 2IZ00— GO PG o aiaa xS N e r e y w
4 VOUZGIES HLrZ9949 2nTIZul HZ02AZ42 LaLINT 2 TTATAZRT T CLI8T TI£QENCHE 2395909 (sge ) W
b L EEPEEERETE TR S At XS T STC S L Oy SHr bbb e M B S D 2 y o
o S9VIIITL »GRZ0Z0Z GZBZHZBZ 0zZdZeZuZ Q2nzbaue (ZUEBZBS  GILELEBE  8§39d969 £169C969 oz ) o !
& SRR BT RS PR T X TV B V-L W T S Y A R T N R E N ot y w®
& B2HLS3%% ITVZLICZT  0ZNERITCZ  £20EU2n2 02Ty En3 J2LTHE AT BTLERTIE S9894L7T L193969€L (re1 ) o
" SEETETT EPTE 3- FIT U CY- TN CE-Y-C Y- T 1 e S OGP LR PR R R PR E— 3169893 8 y ®
% 49599560 6OVEGHEr 253C4%CS  JGI4#eSTH  H46€980¢ $C%25Th  LTCSEHTS  GHGHS 8%  { SGHT25G (g ) w©
S TP PR PP S TN T L -1 U= - P T e A S et e Gt S P ST - y e
. S31A32€5 HiON3T 2 oy¥od3y 2 3714 « f
4
w 5353533 38353533 HELEUESE TECENEVE  vEawgsOe  ZLLEr 90D LEESESEY HHESTSY (rgy ) ﬁm
xY ‘ .
= = = e !
® ICTH2CHS ICTCATLD LEnTIfEE  Q2%$5¢ £ZCCHSSY  ETETRUET E6ZSIE LT ilivE  TEiedTHE £9¢c02se (iey ) w2
& N D T T P N P q,LJg{«a it et B EAr -t —— St o y -
m 605606658 CLULUESS Sv6wYSHy  OWVEVESS DS Hvhe a9 I5DLEGE0 VEI969T9  Q4L2E969 I949ZL6L £9530950 e2¢ ) z
& T N Y Y Y S I iy R TA DSBS ey S-S Gy 2 3 @
w SLEMREGEE EEUICE6Z  vETEITYE  wEZE0Z0L  2I4LPSUT 09591309 ST Z2LSI HLITLSCH  1289E9¢L  T19G9FLGY (.42 ) o

G . —~ - ~ . — .

, ; ! vz
% I%E4450h  THTHew3y  BECHSHHC  BECCUENS SICLISW. OTESE9v.  SSZS.9T9 GLUYZESHL ZAES3ICIC 2CITT IR (rsg ) @
& SO Bty B B S B e B G BB B G-t b S R iy Gl e el G GGG S aR] y -
& JEIELEAT CEI:2GTIL 65521866 VESwHSIb  bovdCIbdn  bvbCIbGE  ZSEwdG3b  44CLUTEE  FEECICIC  FECCAGYS (38 ) 2
K mmmnmmum e o s = T B gy TP PUr- Y-SR ¢ -S-PHP S  0V -E S P t > g
w VZ2EYZECt ZLUCATUE 5ECSIGCE  HHTCCHTYy  ICSCEEIE  Eo8CLEIC  TLUCUCHT GISHVOCE H5H0CLHCH  HORELESE § ) o
8t S+ AATS HEOHIT—F HETI—a = o
13
& f - . 2 3 o 4 ¢ % o
5 HI¥L0L °SO3u#  *430NA  L¥UHS  § 0¥3Z  wWyid 3z1s LNaNI *$33y o
w SIEUETH R NE P S S a3 TEHE T Ty e TOTNE = o

2k
B e L e R L e -1 WIS ATV SIS V-0 W S DD W o ¥ o
& CETICoene JCTIIAERE GETCCCELE NETSICOS VHEGHEET ([ 2ZB2%2HZ  LCvH4S60G  3IZ0H0GGH 4§4044%SC I£2GHb3 4 « ) "
H S48 graa o3 SR egvre guene; T - - oL
ol m
6
6 gt ens =Bl e - BL 8- B2t P T R FR > e e ¥ e EYE ¥ g
8 ZHS2hbLZ 21E2I20T02 1Tazhe g PTIETS0E rGYHEGES TEOW4v9G ) i
. HEONTIT—E FHOIFY——i— FTr o
S
s e A L R A A L <le e vt i
' &\_Q\\Q N\;\&Q\TO TiH  NO 2% EWd  3dvl 1NdNI |
. S N
w \N\.@N\U\ [RAS( ZavVTWO 3491 40 Hwnc X

Ut

171




— o
© o

L]
L]

28

~ @
0

29

s !
65
85
4
95
o]

A B8

]
1

£5

- o1
w W

)

@ 2
T W

05
214

T 9

i

v

329

@
?

V34

T ¢

32

V4
[

©
53

3383388

~ o
N o

0 @
ol &

ERILGBRLYIBIBEE S

LA
ISR

o
- &

&

=)
- &

b

w o

@

pag

» o

- N M b ®

4

e

RS- Z1 VAT WL 1. LN TRE. CHIE T S E—i 22

&

: HOMMI CYsy ININVWdId <0 & Y-SRI AET ot

02

? . 3 ; & 21 X L ¢ o

#1vi0l °SD3a#  *430NN  LHOHS 8§ O¥3Z WH3d 371 I *$23u o

SAINIZY JI0GNT FRVT TN IRt S VRV e I 2k I 1Y PRV - AN 5 24

1

2CIZOCLT  GPIPLCIC GRG0 QUUCICTE  JCorerle  togogceoc oo 252 P, y st
CEGLHZPY TEGEEECE  vE9E9:cE FECEZETE  L[€8TdLzt e 3C¥ILGZ L C3Z3IRTE Hiw258E +¢ gee (kb )]
IC/STTHE T2 TC 27 Loa2R202 5816328 68Tl S o bo ek oll} b B ol Gl PAUGE s Y o ol -Tal aNulnt sl W a¥ el P} e LG P8 YR TN "
82H9T1CCT JLETELEL ECBEGEIE  LEELTLC8E wLLlEeTEe  1C02: 202 2L7E824y L Crgatte  Hgf NEGEIEDE (G S8 )

CORCLCZC TCI20C0 BHTZANZZOLS OPRBUCSHC  QgCnoNoco G osen sl s o onaope IS B T concazay PR > H

TESavL2e 2ECLE9CHE EESETETE  TE92€€9¢ Tge3ebele el2afle G2HHLEEE SETEYCEE bHEQELESE SEFECELE (i 82 b o

BEZeHeHZ (NPLIJZD2 NCTIC8 24 b 2LLCHTH O LSS GSasg okl dl ol Mok =Tl PRIl Mol o]  £ulbA- Tl (V-] ol 1, Wk &) k- FWWoF.3-T.) yEN-] > 8

ITCEC2L2TE Te5EbzHe TSLE9C6Y TEIETEIT f¢12:, 322 LTC62ZHY  SEoheEdl TEghETE  GSESE6ESE MEEEICIR (552 ) 8

L XS0 A e A s B AN S HOILHRT 4 O Lscrorge sooon o Lol ST o - FURGTIN o ol -4 N ST ta V-] R T o -2 R P Yo Y-V PaE-E 2 3 ha

N = kel

LEGEZELE TEZZBEIE HELELSTOT  LE€320802 LH2OoCEitE ScyvireEr FAN- AN RN LEEYETIY TEIgEEeE6s  £E9€2¢32 (et ] .

Loponp z oCaceZht Lol el S lesfic o h ol N ol Anlriel HogQCoTooo I oo ng ol tal- - Rl Vel [N W Wl -2 Coooo o PR — s

. y P s o DSl o ! DS MO STS il i ! ¥

EEFe528%  JEHIZISTEE  2ESE9c3C NEL2 4302 Cgurdive  $i919i8t TEH5EHE3Y wixeli¥f 9ILERHITE T¢3ei gL (4t ) ¢
423200 1g d2hpZot o e sC2o0C i edndial ol vho BCEeCha o SRR ol nk §-J e gn2ae e CO by kAl JY WoN -3 oI — 3

- ot C-5-4r o + - > 2

REF R TA ] Hi9N2 2 0¥023d 11 S 4 )

Igiecayy 8ETECEIC

A B e B ] e

Jcoene ETHHLTEE L LEr6FER ZZTIEHCLE BEBELEES (8gd

~




HR23RBB8ERILITL2ILE

o

a8

™~ ©
LY AR

W @
a e

™ =
(S

PN
LR

=]
-«

~

0w o

o %

TV 1PN

]

& S}
a1y L= L e -

NOG S0P =xews

-

W

=4

TINGTUGYY e v E%C

o PR MY Vel |

TI4rH11I0R

Fa RO KV

T *ON 3714

12 =R-a=E = ne |

14 *ON 3dvi

i 1T 1 I=1I=¥S

SY $3Y¥Y SHILIWVNEVd LNdNI

201 el

S8 1SINd1 3X3s

= = SO

R U T T I - T - )

IIIIIIIIIII L=acRi

dON$

AL

dONS$




